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die tissue debuUdng assembly through a window in the 
catheter to debulk the body Inmen. 


wo 02/49690 A2 liMWIMIiWllMMIlin 


(8*4 Dctigiiatcd States (r^onal); ARIPO patent (GH, GM, 
KB, lA MW, MZ. 5D, SL. SZ. TZ. UG, 2% ZW), 
EnrasianpatentCAM, AZ,BY,Ka, KZ,MD,RU,TI, TMX 
European patrat (AT, BE. CH, CY, DB, DX, BS, H. FR. 
GB, GR.IB, IT, LU, MQ NL. FT, SB. TRX OAPI patent 
(BE BJ» CF, CG, CI. CM, GA, GN, GQ, GW, MU MR, 
NB,SN,TD,TG). 


Published: 

— wishtmt iniernatiimal search r^rt and to be repM 
i^rece^qfUuU report 

For two-kuer codes and^Hherab^fn^ria^ **Gtdd' 
once Notes on Codes andAbbreviations" appearing at ^ begin- 
ning cfeaeh regular issue €fthe PCT Gazette, 


wo 02/49690 


PCTAJSOl/49220 


D£Bl]LKING CATHETER 

CKOSS-RBFERBNCES TO RELATED APPLICATIONS 

The present invoxtion claims besaefit of Fiovi8i0nal Patent Airplicatioa Serial 

No. 60/257,704, filed December 20, 2000, entitled "DebuDdng Caflietcac^ and Proviaonal 
5 Pitoit Application Serial No, 60fZ72;i73 filed Fdmiary 27, 2001, the complete disclosures 

of iKdiich are incoiporated hopdn by reifereoce. 

The presextt invezitioii is also related to U.S. Pat^ Application Nos. 

09/377,884, filed August 19, 1999, entitled "^aratos and Mefeods fi>r Matmal Capture 

and RemovaT' and 09/377,894, filed August 19, 1999, entitled "Apparatus and Methods for 
10 Removing Material From a Body Lumeao," the complete disclosures of are 

incorporated by lefeience. 

BACKfiROUND OF THE INVENTION 
llie present iDYeDtton relate geateiBUy to sys^^ 
bodylumem More particniaily, the present invention relates to atherectomy ca&eterB fi>r 

IS Qsdsmgaflieroma and ottermsteiiabfiQm blood vessel 

Cardiovascular disease fieqoeii^ acifies fixmi the acc^^ 
^hfx ™«*^"« tnaim al on tiie itmer walls of vascular lumens, partioulaily arterial tamens of 
the oonmary and otiier vasculature, resulting in a condition known as alherosderosis. 
Afheroscletoffis occurs naturaUy as a lesutt of ag^ but niay al^ 

20 such as diet, hypertensiaiu heredity, vascular iqury, and ftel^^ Atfaeromaloiis and other 
vascular AepoAts restrict blood flow and can cause ischemia tidrich, in acute cases, can r«ult 
inniyocardialm&rction. Alfaeiomatous deports can have widatyvarymg properties^ 
soine deposits betiigrelativdy soft aiul others bon^ lathe latter 

case^ the deposits are fiequently r^bnred to as plaqna 

25 Onaconveacitional treatment for cardiovascular disease is fh^ 

Endoluminalstato are commonfy used to treat obstructed or weak^ 
blood vessels and oftcf vascular lumens. Once deployed in flie blood vessel, die stent can 
t ^jT^ n tn flift hnOy himeti where i± will m^^tatn the patmcy of the lumm and/or support flie 
walls of die lumen which surround iL One fiutorioopedii^tfie success ofstent technology in 

30 eaidotuminal treatments is the fitequent occurrence of in-stent restraosis, dmracterizedby 
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10 


15 


20 


|TOlifeniti<m and migration of TOoothmxiscte cells wifliin ancUbr atgacent toAeinqdanted 
stent, cansing leclosuw OT blockage of liie body hnnen. 

Athetosdaosis and lestenosis m be tneated in a varifiiy of ways, im^^ 
drugs, bypasa auigery. and a variety of catheter-based approaches wWch lely on intravascular 
ddralkisag or removal of the aliieromatoua or other material ^ 
particular interest to flw present imrentiOT, a variety of me^^ 


30 


being tefcned to as atberectamy procedures. Aflwrectomycalheten intended to exrase 
material fiomfheblood vessel lunwn generally enqploy arotataWe and/«aodalIy tamdatabk 
cutting blade which can be advanced into or past flic occhwive matcrid in or^ 
separate such material fiom flic blood vessdlmifln. la partioalar,8idfr«utting atherectomy 
catheteiB generaUy employ a housing having an aperture on one aide, a blade ydrieh is rotated 
or translated by flie aperture, and a baUoon to urge the aperture agafast ti^ 

removed. 

lin treating 



many types of aflierosclerosiB and in-stent restenosia, conventional caflwter designs suffa 
fiomcertamlimitatians. Forexan)ple,n3myffldeH»ttingath«e(*fflV 
difficulty mcj^mningocchiding material in the cutting q)^^ To ftdlitate material 
ciq»ture (he cottmg aperture is fiBquently dongated to fawiease ^ 
material can penetrate. White sudiekogation is eflfective, it requires an e(p^^ 
lengfliamig of the cutter housmg. Snu» most cutter howsfaigs are rigid audi lengftwing 
makes it more difBcuU to intnjduce the distal endoffte caflwter throu^to^^ 
flic vasculature. Moreover, conventional atherectomy caflielew typical require a banoon 
positioned opposite the cutting window to urge fliemate^ Snoh 
25 baUoons however, unduly mcrease flie size of the distal portion offhe eatfaeter. Evenwifliflie 
balloon, flic amount of material that can be removed by conventional atherectomy caflielOT is 
limited by flie size of flie cottiDg wmdow. 

For tiMse reasons, it is desired to provide aftierectomy cajhetas whictican 
access small, tortuous regions of the vasculature and ^itodi can remove aflieromatous and 
otherocdudingnutfeiialsftomwithinbloodvessdsandstailsmaconlwn In 
particular, it is desired to provide aflifitectoniy ca&dets wMch can fi^^ 
bivaghiatmgadietomatons materials. Tlwcaflieters and mefljods&nise in a variety ofbody 
hnnens,inchidfagbutnot limited to coronary and other arteries. At least some of fliese 


2 


wo 02/49690 PCT/DSOl/49220 

objectiveswfflbemetlvltocaaiBtBraiidmettodoffliopwsenti^^ . 
hereinaiter and in ttie claims. 

BRIEF SUMMARY OF TBQB INVENTION 
The presmt inventiofl ^vides cathetera, kits, and me^ 
5 bodyhancD. ThscathJsUmamlmefliodsoftiwpieseiitinve^^ 
body liimens, induding but not Banted to intravasc^ 

and odisr blood vessels. 

In one aspect, flje cathetere of flie present inventi<Mi can include a flexible 
pnndmal portion conpled to a rigid distal portion. A tissue debuDdng assembly can be 
10 aiq)08ed wiflun fee rigid portion to ddnilkflje body tanea In exe^ 

rigid portion is lotatably coiq)led to ttie flexible portion snch that rotation or deflection of die 
« rigidportlon,idativeto the flexiblcportion, can expose flietissuedebulking assembly 

throng a window in die cafli^ to debulk die body lumen. 

Ill exemplary anbodimeote, movement of die d*ulking assembly causes die 
15 defledioa of die distdportioa For example, movement of diodrtuDdng assembly from a 
distal position to a proximal position can cause the distal portion to deflect and cmw 
debulkiag assembly to move outside of Am window, b«>yond an outer diameter of die cadieter 
body. 

The li^d distal portim of the cadieter can be rotattibly coupled to a flexible 
20 portionofacaflietertbroughacoBnoctionassembly.suchasoneormorearticDiatian 

nifimbem,pivotpins.oneormorefloxiblejoint8,ortiielike. A longitudinal axis of the distal 
portion of die cadieter body wffl be angled or offiet from a longitadinal axis of die cutter and 
IheiestofdiecaflieterwhflnitisdeflectedftomttieptoximalportionoftiiBcaflieter. The 

deflection of die distal portion of flie caflieter body to an angled or offeet configuration 
25 relativetoflieiestoffliecadieterbodycanurgBdiedistalportionagainstdieb^ 

astobiasflifldd>u]ldnga88emblyagainstanoppo8iteffldeofdielTnnenwalL Becauseflie 
deflection of die distal portion can increase die proffle of die catbeter and bias die debuM^ 
assembly agamst die body lumeawidwm die use of a banoon, and because die dd>^^ 
assendily can be exposed outside of flu» window beyond a diameta of die distal portion s^ 
30 flMtdwtaigettissuedoeBnothavetoinvaginatetiiewindow.dierigidportionofdiecadieter 
and die window can be decreased in size (bodi longitudinally and radially) so as to ^ 
caftfitcra to leadi die tortoons and smafler diameter body lumens and to reduce die tr^ 
tto body tamm(ag, barotrauma ofballoons) during advanoemeot to dMtairget site. ^ 
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exemplmy enibodments. the distal porfioo of tho cafibeter mdudes a rigid hoiising ftat has a 
rigidlengfliof approMmately 6 mm to 8 nim. 

The tissue debiiUdngassenibly can take a variety of forms. Inexai^lay 

embodimeots, Ae tissue d^tOking assembly is a movable, rotatable cutter having a senated 
5 or snwo* edged (aitting blade. Tlierotatd)le cotter is tyiri^ 

driver, sudi that actuation of the driver wifli an input device can activate movement and/or 
rotation of Ibe cutter. In such embodiments the cutter can automaticaliy rotate as 4e cutter is 
moved out of&e cutting window. Advantageously, the user will only have to activate a 
single switrib or handle to activate the cutter, bias flifl cuttix against tte material to b^ 

10 wmoved, and to activate &e spuming of the cutter. 

Depending on tiw type of ocdnsion in the body hunen, certaitt cutter designs 

are more eficctiveflianotiier cutter designs. In a spedfic embodiment, ttie cutter can inctade 
asenatedblada In other embodhnents,flie cutter can inctade a non-serrated blade fiiat has 
been found to be more effective in removing ta-stent restenosis Optionally, the in-stent 
15 restenosi8CuttBrcaninclndeahnnq>alnngit8edgetoreduce^ 
tiie stent 

B dbould be appreciated however, that tiw present invention is not linri^ 
cutterdebulkmgassembUes. Ino1herembodhnente,mBteadofacutte^ - 
assembly can be a movable or stalionaiy BF tiectiod*V laser, ultrasound emitter, grinder, or 

t 

20 tiiefike. 

Tbo deflection of the distal portion of the catheter is typically caused by 
actuation ofan input device. For emnpli^ the inimt device can c<mtioltiie movement of the 
debuDdngaasemblybetweenafestandsecondposdtion. When fce dcbulldng assembly is in 
afirstpositionitwiUbedisposedwiftin the catheter. Movement of tiie tissue debalking 

25 assemblyflnmafestpositiontoasecondporitioncausestherotation/deflectionofflw 

portionrelative to tiJe flerible portion and exposes the tissue deboBring assembly ihrougjifte 
window. Il»eaflcr.flteentirecalheterbodycanbe84vancedtaooghllie^ 
d*nlk Ae bodjf famen with the 6:qposed deJHiDdng assembly. 

fasom© embodiments, me cutter is eiqHwed through ti»e window by conta^ 

30 flieeutterwifticamsorian^onthedistalportionofttecatheterastiiecutterism 

pioximallyaaoastijewindow. htfaactiooofflw cutter with fliecanis urges the distal portion 
of thecaflieler out of alignment with flie cutter andproximalportim of flieca&eta 
caposesthecottertittiou^tibewindow. Typically, «» cutter is moved out of thewindow 
beyondanoulBrdiameterofthe<ia&eterbo^lDdcbolkti»toiirgrt AsthecnBeris 
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moved distally, tite cotter will move back into tti© "windo-w and lose engagsmcat wifli tfje 
cams, and the distal portion of the caflifiterwU move back into 
cafcfitETbody. Sudxmovemeal of tbe distal pcntion win afign*© cutter wth the tip 60^ 
the several material can be directed into a coUectioQ dsmnber in &e distal tip. 

5 In Bomeembodtoeots, a ftoible distal tq? can be attached to dMi^di^ 

portion of the catheter. The distal tip may be removably or integrally attached to the distal 
pOTtionofthecaftBta. By faitegratmg die tq)wifli the distal portion oftiiecaflirtBr body, 6e 
jomt between the tip and catheter body ifl dimfaiated, thns providing a contino^ 
diametar from the housing to the tq>whidi results in improved tissue packing. hiBwno 

10 embodnnCTts, tibe distal tip has a reducing stifbcas in die distal direction. The grada^ 

dumge in stiffcess resolts in the elimination of a rigid joint and ihe decreasi n g sriflhesa of die 
tip can provide better access to tortuous vessels, whfle being less traumatic to the vessel waa 
hi other embodimCTts, however, dw flexible distal t^i m^ have a constant fUwW^ 

fbioughout its length. 

15 In other anbodfaneots, the cafhste can include a fixed wire tq). Thefixfid 

wire tip can be used to advance die caflieter attough die body hmien without die use of a 
8q>arategmdewiie. hi yet odjerembodimenta, die distal tip is bhmted to provide &r . 
atraumatic advancement dnough the body tamea Inoneanangfiment,dieblunttipcanbe 
^enough to allow ftr advancement ofdie catheter widiout die use of a gmdewire. faan 

20 alternative arnmgement, die btant tip wifl have a hnnentiiat can receive a guidewiie. 

Some embodiments of d» caflirter inchide a distal tip fliat fidlitates 

exchange of agddewhfi. The distdtip will typically con^ a distal port md a gmdewne 
lumen fliat can extend pioximally fiom die distal port to a proxhnal port diat is diap^ 
proximal to die cutter. In one particular embodiment, die proximal port is disposed 

25 spfKDximately 30 cm from die distal port 

The presfflit imrention ftrdier provides mediods of debulkmg a bod^ 
Manemefliod,acaflieteri8deliveiedtoatargetsit©indiebodyhnnfin. A distal portion of 
die cafiieta is rotated or deflected relative to a pioxinial portion of die caflMter to expose die 
tissue ddralking device and d» body hnnen is debulked widi die expo^ 

30 In exemplary embodmients, die mediodsofdie present inventionuse a cutter 

todebulkdiBbodyhmien. hi such embodimfinls, die cutter is rotated and die cutter is 
exposed dnou^ a cuttmg whidow and biased mto contact widi d» material in die body 
hnnen. By coiqiKng die severing and Wasrng steps, it is easier fin- die user to control a^ 
manipulate die cattieter, dms making it easier to perform die aflietectoray procedure. 
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M ado«hsr of laoDving material fixm 
placedinflwbody lumen and a distal portion of &e caflujier is deflected against tiwbo<ty 
tam«toporiti<matissiiedebdkiogdevice In some methods the 

caftietff and tissue debiiBdng device can be moved ifa^ 
5 debDlk*eT)odylamHL3h««?)iaiyembodta 

andmoved flom a first, distal position to a second proximal positioin across a cutting window 
byietiactiDgadtivesliaftthmu^achannelinthBcafli^^ The ctrtteris exposed or moved 
out of fhecntting window and a distal end of Ihe ca&etar and cutter are urged agafaist the 
bodyhmm Thaeafter, the ca&eter can be advanced teoughflw body tamen to co^ 

10 cutterwMi target tissue to ddJuDc die body lumai- 

a stin ftifher aspect, Idts according to the present invention wi^ 
caflieterhavingBiotatableanddeflectaWfiCutter. -Hie kits wiUfiirtheriiichuleinstructioDa 
fiaxaeadtfagforthaiiyofajemefliodsdesciibedabove. Optionally, flie lots will fiirther 
imandepackaging suitable for contaiDbgfho calheter and 

15 B«>iq>larycootamer8inchidepouches,tray8,bo^^ 

nsemaybeprovidedonaseparalesheetofpqjBroroawrmedhim. OptionaDy. the 
instwctioMmaybeprintedinwhoteorinpartonfhepackaging. Usually, at least fiie 
caftetawinbe provided ma sterilized conditioa. Ottiflrlatcomiwn£sit8,socha8a 

gmdenri^ may also be included. 
20 ForafitrtherundOTtandingofthenatnrBandadvantagesofthcinvenlion, 

wfenance dKwld be rnade to the ftlto^ 
acooMipany ip gdrgwings. 

BRIEF DESCatUPnON OF THE DRAWINGS 

Figure 1 isapeniKJCtivo view ofaddJolk^ 

25 Figure2i8ancipk)dednewofan«nnvtaydi«^ 

caflieter of die present inventioiiu 

Figunj 3A is ancffld view of fl» distal partioa<rftt« ddraWng calbc^ 

Figure 3A in wWch the cutter is in a closed positioa in the catheter body; 

Figure 3B is a seotinnal view akmg line A-A of Hgme 3A; 
30 Figure 4A is an endview of the distal portkm of ihedetadl^ 

Figare4AinwMcilhBcntterisinan(q?enpo8itiimoirt8id8ofto 

Figure 4B is a sectional view along line A-A of Figure 4A; 
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F^iOT 5A is an Old view of Ihfi distal portion of tte deb^^ 
Fignre 5 A in which flie cntte is in a packmg position within a tq> of Ifae catheter, 
Figme 5B is a sectional view atong line A-A of Figure 5A; 
Figura 6 to 8 illustrate a monocail ddivecy systeaoi of ttie present invention; 
5 Figure 9A is aperspective view of a cutt»of the porcsGit invmtion; 

Figure 9B is an end view of the cutter of Figure 9Ai 
Figure 9C is a sectional view of the cutter atong Line A-A of the cutte of 

Figures 9A and 9B; 

Figure lOA is a perspective view of a m-stent restenoms cotter of fte present 

10 invention; 

Figure lOB is an md view of die cntter of Figure lOA; 

Figure IOC is a sectional view of fl» cotter along line B-B of the cutter of 

Figures lOA and lOB; 

Figure 1 1 A is a pefq>ective view of anolher in-stent lesteo^ 

15 present invention; 

Figure IIB is an end view of die cutter of Hgnre llA; 

Figure lie is a sectional view oftiiecntter along Line C-C of the 

Figures UA and IIB; 

Figure 12 illnstzafes ajmxsimal handle and cotter driver of flie present 

20 invention; 

Figure 1 3 illustrates a butter driver witii a handle cover ratnoved; 
Figures 14 to 16 iltastrate tinee positiona of the lever fiw conrrofl^ 
Fignre 17 is a sao^lified flowchart ilhistzating a xneOiod of die present 

invention; 

25 Figures 18 and 19 ilfaistrate a method of fbei^esent invention; 

Fignre 20 schanatically ilhistcates another metiiod of the present invention; 

and 

Fignre 21 iltastiatesakit of flie present invention. 

DETAILED DESCaUFnON OF THE INVENTION 
30 The m^hods and systems ofdie present mvention are deaignM 

atharema and oflierocchaive material flxmi diseased 

artme8.de novo lemons, and m-stenl restenosis lesion The syrtems, devices and mefliods, 
however, are ah» suitable treating stenoses of fl» body hnnens an^ 
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10 


neoplastic coDdiliaos in ofliabody lumois, goch as fho ureter, the WKaiy duct, lespitatory 
pa8sagsa^fl»pane««rticdw5t,thelyn^ Neoplastic cell gro^ will 

otooccurasawsimofatomorBviriOTffldjngaiMliD^^ Debattingof 
TOdiioaterialcaathiiabBbcneficsialtojiuriix^ WhiletJio 
xmmg discuflsioiiis directed at d«*iiltog and passing toongh atheromatous or 

ftronibotic occhirivc material k a conam^ 
ineOiods of flM present iaventioacanbe nsed to remove a^ 

ocdnsive^ atenotic, or hypoplastic material b a variety of body haneos. 

Aii»aratas according to the present invention wiU genera 

having catheter bodies adapted fteintratoninaliiilrodud^ 

toaions and othH pineal characteristics 

aependingoa the bocfy lumen vAichistobeaccesscd. Mtheexenqilarycaseofaflierectomy 
caflioters intended for iitfravascular introduction, tbep^^ 
vfitttypicany be very flem^te andsmts^le forintiodiwtionover agmdewiie to 
15 within the vasculatore. M particular, catheters can be intended for "over-the-wire" 

talrodoctioa when a goidevrfw channel extends My tooui^i flie calhet« body or for "n^nd 
exchange" introduction whae tide gjiidewiie channel extends only tinough a distal tip portion 
afthecaflKterbody. fa otha- cases, it nny be poasiblB to provide a fixed or integral cofl tip 
or gmdewiie tip on flie distal portion of the catheter or even dispense with the gui 

«tirfy. For convenience of iltastration.guidewire8win^ 
but it shooldbc .?»pi«cialed that 4ey canbe incorporated 


20 


30 



• ieBg|hitt1herangeftom50cmto200cmandanouterdiameterinthenmgefiOTnlF^ 

tDl2Rcwa»(033mm:lPr«idx),usuaIlyfixm3IteK^ Xhthecaseof 
25 coiiniaiycathet«,thelengdiistypicaUyin1henmgeftoml25cmto200cn^ 
prefiaddy below 8 French, moreprefi«*ly below 7 Frend^ and most prc^ 
fiom2Tlwidito7Fiwioh. Catheter bodiea will typically be composed of anorganic 
polynwrwhfcshisMmcatedbyconvBntianalextmaiontechni^ Suitable polymers include 
polyvinyitshloride, polynrethanes,|)olyesters,polytetiaf^^ 
nibb«8.natBralrnbber8,andthclikB. Optionally, the caflwter body may be rdnforcedwifli 
Wd.hdicalwire8,c<ril^arialfflam«it5.orfhelik^ 

atom6liengtfa.too8hiies8.pnahahiIity.aD^ Snitabloca&etaf bodies may be 

&miedlvertn«o»i.wifeor»ormarediannd8beingpiovided^ende^ Thecafeeter 

aanutecanbemodifiedby heat «qaiision and 
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The resaltn« ca&eteis fliw be smtable fto 
coronary &rteries» by ccmycotional teclmiques. 

Hie distal portion of the cathrters of the present inventiim may have a wide 
variety of forms and stnictoes. One aspect of fixe present mventioiiiaovidescaflietas 

5 having a lednced rigid length. The reduced ri^dkngflw can aHow fee caBwto to aa 
and treat tortuous vessds arid small diameter body hmi^ hiinostcmbodnnatsarigid 
distal portion or housing of ttie catheter body win have a diameter that gmaaiay matdies the 
proximal portion of the catheter body, however, in other embodimeats, the distal portion may 
be larger or smaller than the flexible portion of tiie cadieter. 

10 The rigid distal portion of fte caflicter bo^ canbe fimned from materials 

whi di ai© ri^d or wWdi have very low flejoWMes. such in metals, hard plastics* compoate 
matmals, KiTS, sted with a coating snch as titaninm, tantahnn nitride ME-92* diamonds, or 
the like. Most nsually, distal end oftiie catheter body wiU be fbinwdfiwms^ 
platinnm/iridiiinL Thelcngfliof the rigid distal portion may vary widely, typical 

15 theraii^ftom5rnmto35nma,moreii8uaUyftomlOnmito25mm,andp^ 
6mmand8mnL in contrast, conventional caflieiers typically have 

qppioximately 16 mm. 

Ihe side opening windows of fee present hwrartion wiU 

of approximately 2 mnL In ofliCTerf)odiments, however, tiie side opmingcut^ 
20 canbclargeffOranaUer.bntshouWbelargeeroughtoanowlhea 

predeteimmed distance tiuit is sufBdent to ddnilk DK^^ 

The caflietOT of tiw preset invention can incbide a fleodble atraumatic distal 

tip coi]?)lcd to flie rigid distal portion of flie catheter. For 

iowase flie safety of tiie catii^ Iqr elimmating tiiejoirt 
25 cafljeterbody. The integral tq) can provide a smoofliecfamOT diameter to ease o^ 

movementintoacoUectionchamberintiietip. Ehiringmanaflictaring,tiietran8Wonfiomti^ 

housing to ti» flexible distal tq> can be jSnidied w^^ 

honsirig. Noweld,crai^,oarscrcwjomtis\isoaUyie^^ 

TTie atraumatic distal tqi pcnnits advancmg the cadieter distaUy ti^^ 
30 blood vessd or other body hmien^e reducing any damage caused to tiieb^ 
tfiecaflieter. l^caHy, tire distal tip wiU have a gmdewire channel to pennitfe^ 
beguidedtotiietargrtlcfflCHiovcraguidewire. In some exonplaty configurations, tiie 
atraumatic distal tq)conqmses a coiL same configurations tt» distal tq> has a rounded, 
bhmt distal end The catiieter body can be tubular and have a ferward^fiici^ 
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apcrtntewMchcoiinnnmcateswi& AcoUectioD<*an>bercanbehoiised 
wiflim the distal tip to store materidranovedta Thecoinbiiiationofthe 
rigid distd eaid and tiie flexible ffistd tip is qjpioranatefy 

A rotatable cutter or oflier tissue dd>tiDdng asseml^ 
dirtd portion of tha caflwtw to sem- material ^ch is aigaccsBt to or ^ 
euttiiig window. In an raemplaryeaOwdimenJ, the cutter is iniw!a>ly disposed in ^ 
pMtionoffiiocaactexbo^ and movable across a ride opaiing window. AstraiiJitar 

semtfed CTlting blade or other element can be fonncd inte^ 
edge ofti» cutting window to assist in sevaing material fiom die bo^hnn^ Inone 
particular cmbodimcot. Ac cotter has a diameter of ^proximately 1.14 mm. Itshouldbe 
appreciated however, that flic diametar of the cutter win depend pri^^ 

flie distal poitiCNa of the caflb^ body. 

Ja C3Wiiq)laiy anbodimeamts, activation of an iqnit device can deflect a distal 
portiwi of the caflwteieiativB to die proximal portion of the caflKter so as to 
15 HA..iWn g MBembly. In Bome embodiinents. activatian of the input device moves die 
>l AniWti g fiff Pftnlt ly «v«r ft ramp or cam so flat a porlion of flie rigid distal poitiMi and 
fleriWe tq> are caiised to drop out of the pafli of the debolking assembly so as to coq^ 
d*nlking assembly thioi]^flie window. Deflection ofthe distal hoosmg increases the 
efibctiv© "diameter^ of fl« catheter and causes the ddjwlki^ 

20 to die hnnen wall and target tissue. 

In exenqjlary embodiments^ Ae ddnilking assembly comprises ar^^ 

cntterthatismovable outside fliewindow. By moving the cutter outside of ttie cutting 

■ window beyoind an outer diameter of the distal portion of Ihecaflieter. die c^ 

cootoct and sem^ material fliat does not invBginate die cutting window. Inaq)ccific 

25 coofigaratian, the rotating cuttar can be moved ovwttie cam wifliin die rigid poTt^^ 

caftMlerbo4y 80 that the cutting edge is moved ont ofthe window. Moving die rotating 

cotter (Mtside of the cotting window and advancing the eo^ 

amoimtofocchialveiaateriiilcanbexemoYed. Consequently, fl» amount ofmaterialdjat can 
beiemovedisnotfimitodljyttesizeoffliecnttingwindow. As will be described in detail 
beUw, in 8(mw Ktuatloiis it is pwfcndde to provide a sen^ 

sitiMticmitniiybepidErtWeto provide a snwoflicntting^^ Optionally, the cutring edge 
of eithttorboflithettolesmiy be hardened, e.g., by application ofacoating. Apreferred 
coating material is a dmwiinm based maliaial, availa^ 

applied according to mannftctaiBi'sfaistroctions. Odieriotalable and axially movable cutting 
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blades are described in U.S. Patert Nm. 5,674;232; 5^2,460; 5^12.425; 5.431,673; and 
4.771,774. the fall disclosures of wbich aie inocaporated hetdn by reftwoce. 

The catbetera of fto present inrontioii may include amownaa ddlveiy system 
toasastinpositioningfliecctterattiietaigBlsite. For€Dt«nple,!hBtipqfthec«a>etercan 
inchide tamen(8) that are sized to recdve aconwntto^ 

diameter) and flie flerible proximal portion of flie catheter body can indnde aahort Inmen 
(e.g„ about 12 centimeters hi leDgt). SuchaconfignratlonniDVBsaiBgnidowiieootofflie 

ri^d portkm so as to not inteocfcare with &e ddwlldng assonbly . 

In other cmbodimojls, however, if deared the gnidewire hmwnina^ 

disposed wilhin or outside the flexible proximal poititm of flie caflielerbody and nm a longer 
or shorter length, and in feet may imi the entire length of to flid^ 
body. Thegiiidewirecanbedi!9x«edwithitthnnenontofleKftlepoiti 
body and exit fliehraien at a point proximal to the rigid portion of 4e catheter. Ihe 
gmdewire can ttKn enter a ptonmal opening in to tip limien and erit a dfa^ 

15 t^ himen. 

The present invention may optiDnaHy employ any of a wide varied of 
conventionalradicqMuiaematkBn^imagingdevice8,and/ortt^^ Inexempbry 
eoa)odimenl8. to catoterj of topreseot invention can inohidoaiadi^^ 
and/or radiopaque maikeradiiTOsedanadistal portion oftocatoterbo*^^ 
20 anddistaloftoarttingwindow,ontocamorramp,soas1»aUowtousertotnidcto 
position ofto cutter, or to Hkei The calhetmofto present inveotioii will also be 
particulady usrfol wi&nltrasonic transdncers, sudi aa 
dq)loyed linearly wiftin to catheter body or citcumfi«ntially ^ 
Linear dqiloyment will allow viewing along a discrete Irajgth of to catoter axis, prefciably 
25 a<«acenttotocuttingpoint,nsuanyovCTalengtbintorangefiomlnmito30mni. 
pretobly 2 nun to 10 mm. Ciremnferentially deployed phased ana^ 
viewing aremtorangefiomS' to 360«.n8uanyfiom 180" to 360". FormMgrngtrausdocem 
located on cutting blades wilhin a housing or second cutting dement 
win generallybe limited by to dimensions of to aperture, hi some cases, however, it mi^ 
be possible to fibricaie all or aportionof to cutter bladeflwusing ontof andtnisonically 
tianshicent material A more complete description of suitable imaging caflieters are 
describedrooreflillyin U.S. Patent ideation Serial No. 09^^78,224, filed August 19, 
1999. and aititled "Atherectomy Catheter with AHgned hnager,*' now Patent No., 
6;299,622Bl,tooompletedisclosnreofwhiAisincorporatedhBidnhyiefcreoe^ hi 
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addMOT to Bltiasomc airay tnmsducws, &^ 

comprise optical coherenc© tomognqjhy devices, sodi as describedmU.S. PatentNo. 
5,49U24, the fdU disclosure of whidi is inooiporatedherdnby lefeieace, as wdl as Hoang 
et sL (1991) Science 254:1178-1181; Bresanski et al. (1997) Heart 77:397-403; aotd Bnadndd 
5 ct al (1996) Circulaljon 93:1206-1213. In some instances, the present inveotian may also 

provide optical ima g in g using optical wave guides and tiie like. 

RefOTing now to Figure 1, a caflieto 20 conatracted in a«5ca«dai^ 

princtpies of the preseait invention con^mses a catheter body 22 having a proximal portion 24 
andadistalixirtiQn26. Pioxinial portion 24 can be coupled to distal portiott 26 with a 
10 connection assembly 27 to allow pivoting or deflection of distal portion 26 lelative to . 
proximal portion 24. A proximal end of ttiecaflwter body 22 can have a handle 40 for 
manqjdlatian by a user, a hier fbar connection to an asjHration of fluid deHvoy channel, at fhe 
like. 

A ddwlkmg assembly 28, such as a cotter, is disposed -wittim a hmiaa 30 of 
15 fliecaflieterbody22. ihecutta is typically rotatable within distal portion d)oat an 
is parallel to die longitudinal axis of Ihe rigid poition 26 of caflwlei and axid^^ 
along toe longitudinfll axis. The cutter 28 can access target tissue tiaou^ a side opening 
window 32 wMch is typically large cnou^ to allow tiie cutter 28 to protiqdeflirouih"^ 
move out oftiie window apredetennmed distance. The cutter is coupled to a cutter driver 34 
20 anou^ a coiled drive shaft 36. Actuation ofa movable actuator or oflierii^ device 
activate die drive shaft 3 6 and cutter, move cutter 28 longitndmally over a cam so as to 
deflectthedistalportionandmovetiieciittcr28outofcnttingwindow32. Canamngoffl» 

cutter 28 can cause the distal rigid portion 26 to pivot or deflect relative to flu proximal 
portiim 24 so as to deflect and urge the cotter into flie tifisoe in tiiebo^ tomoL 
25 )h some embodiments, die distal portion26 oftiie caflifitervrinbo moved to an 

angled or offlet configuration fiom the longitudinal axis of ti» proximal portion 24 of ti» 
calhBter8ndlhecutt6r28. In some embodiments, flie cotter 28 can also be deflected off of 
fhe ajds of tiie proximal and/or distal portioii of die ca&eter. 

The ca&rtOT 20 of flie presait hwcotion ^icalty have a flexible pnoimal 
30 portion24,arigiddi8talportiQn26,andaflBKiblediBtaltip42. The flexible proxnnal portion 
24 of tiie catheter is typically a torque shaft and fl» distalportion is typical^ a rigid ttibh^ 
The torque shaft 24 fedfilates transportation of flie cafljetei body 22 and cutter 28 to ti» 
diseasedstte. The proximal end ofttietoiqae shaft 24 is coupled to a proxhnal handle 40 and 
flie distal end of the tonjuB diaft is attadied to flje distal rigid portion 26 of tiie caflwter 
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through fliBconnecti<m assembly 27. The drive shaft 36 is movAly positioned wito 
torque shaft 24 so as to rotate aDdarialiyniDve within the to^ Hwdrrrefihaase 
and torque shaft 24 are sized to aUow relative movement of each shaft wiflwiit luUn-Lig • 
with diemovanentofthe other shaft. The caflwter body wiU have the poshabiEty and 
5 torqoeaWHtysttchaiattarquingandpushmgofthBpioxnnalendwittti^^ 

distal poitioii 26 o f the caflietar body 22. 

Fignre2ilhwtr8tesaneKplodedvierwofadiBtalaidoffl»caflw*ar. Uisuch 

embodhnarts, 1i» cathetff 10 inchrfes a anm^ 
tq) 42 lhat at least partiaDy defines a coDectim dwmber 53 «»oi^ 
10 afljeromatous material, and a iTJmenfliat can lecdve the girid^ 

a distal opening 43 that is sized to idiow an hnaging gmdewiio or conyeotiooal gal 

(not diown) to be advanced distally finoogh ^ t^> 

A lan^) or cam 44 can at least partially fit withnot Ih© hanen in flie distal 

housfajg. As win be descnljedm detail bdow.proxhnal movement offlieontte 28 over flie 

15 tanq) 44, causes the deflection ofthe distal hotisfag 26 arKigmdes cutter 28^ 

window 32. Attadied to the ranq) 44 is a housing adaptor 46 fliat can connect one or more 

ailiciilatim member 48 to the distri tip to create an axis of rotation of the distal po 

The housing adaptor 46 and articulation member 48 anew Ae distal end of fto 

pivot and bias against the body hnnen. intheilhistratedenibodhneiitflieieateonlyhouatog 

20 adaptor46 and cne articulation msmber48, but it dionld be appreciated fli^ 

fte present invaition can inchjde, two, three, or more joints (e.g., axis of rotationX if desiied. 
Moreover, the axes of rotation can be paraUel or non^araUel wifli each oflier. 

The calhrtcr can also inchrde a shaft adaptor 50 and collar 52 to ooople 
articulation member 48 to the torque shaft 22. Shaft adaptor 50 can connect the housing to 

25 Ac torque shaft and collar 52 can be placed over a proxhnal end ofthe shaft adaptor and 
crimped for a secure attachment Itshouldbeq»preciatedbyoneofonanaryaldllh»thoart 
that that while one exenqihny caflieter of (he present fajvention has Are above ctm^on^ 
other catheters of the present invention may not inchjde more or less of the components 
described above. For eoiaraple, some componeats can be made faitegral with other 

30 conqwnents and some componaits may be left out entirdy. Tims, msteado 

sqwrate rang) 44, the lamp may be mtegrated wifli flie distal tip to direct the c^ 


As shown in Figures 3A to 5B, tt»e cnttcis 28 of the present mvention win 
geneiallybemovabtebetweentwoormotepositions. Dmang advancement through the body 
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Ivmea^ the cutter win gaifiralfy be in ansnJ^ 

asttec is distal of catting window 32. In some embodimesits, an imaging device (not shown) 

cm be coupled to ciittcx 28 so as to image the body lumen tou^ CBtting w^ 

cotter 28 is in flie neutral po8iti«u Once the caflifitear has leachedCto target site, Ac cutter 

5 can be moved to an open position ORgures 4A and 4B) in wMcii the cutter is moved to a 
proximal emd of ibe cuttnig window and wiU earteod out of the catting window a dista 
beyond an outer diameter D of fljeri^ portion 26. Li most embodimeots, in tiw open 
positkai, ttie cutter win have deflected the distal portion and flie cutter's axis of rotation will 
generaUy be in line with connection assembfer 27 but angled ot ofiset fiom Iragitndinal axis 

10 oftiietfstal portion of the caflieter body. 

OptionaUy, in some embodimetits, cnttor 28 can be moved to a paddng 

position, in wttch the cotter is nwvcd distally. past fl» neutral position, ro 

severed tissoe into a distal cdlectionchambar 53 (Figures 5A and SB). Itshouldbe 

qjpredated however, that i^e flie exemplary embodiment moves toe cutta to the above 

15 described poatiOTs, in ott« embodiments ofthe present invention the cuttOT can be 

positioned in oflier relative positions. Fw: example, instead of having toe neutral poation 
distal of toe cutting window, the neutral position may be proximal of toe window, and toe 
open position nu9 be along toe distal end of toe cutting window, or the like. 

Referring again to Figures 4A and 4B, toe interaction of toe OM^xjoents of toe 

20 rigiddistalpoition826inoneexemplary€mbodfaneotof*«pte8entinvcationwm 

described. As shown in Figure 4B, toe cutting window 32 is typically a cntont opening in toe 
distal portioii 26. Whfle toe size oftoe cutting window 32 can vary, toe cutting window 
should be long enou^ to coBect tissue and drcumferentiany wide enou^to aBow toe cutter 
to nMwo out of toe cutting window doling cutting, but sized and eihi?>ed to not ejqiel e^ 

25 into toe vasculature. 

Cams ramp 44 (shown most clearfy m Figure 4B) can be disposed in toe 
distal portion of toe catheter body to guide or otoarwise pivot toe cutter 28 out of toe cutting 
window 32 as the cotter 28 polled pnsimaljly through tensioning of dtiw 

A joint is kwatcd iHWximal to toe catting window 32 to provide a pivot point 

30 fer camming oftoe distal portion 26 relativB to the praxiinalporti<Hi 24. Thebeodingata 
flexible joint 49 is caused by toe intaaction of canas <Hr ramps 44 wito cutta: 28 and the 
tensaefiirce provided throng drive shaft 36. In toe exenqdary configuration, toe joint 
ini*idesal»ufflngadq)tor46aatispivotanycoi5ilBdtotoedi8taIrigid As 
sluywn in Figures 4A and 4B, toe resisting pivoting of toe xig^ pa 
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the iTOximal poiticm causes a canmiing effect vAich 01^^ 

hmen wan wMiont the use of urging means (e.g., a balloott) that is positioned opposite of the 
cutting window. Thus, ft© overaU cross sectional dze of tho catheter bodies can be re*^ 
to allow the catheter to access lesions in smaUor body lumens, hi exaqdaiy enbodimaits, 

5 the distal housing can deflect off of the axis of the proximal portion of the oaflielBr typically 
between 0" degrees and 30° degrees, usually between 5' degrees and 20" degrees, andmost 
preferably betwem 5" degrees and 10° degrees. He angle of deflection rdates directly to the 
urge. Urge however, not neoeasBiily relate to force but mow to the overall preffle of the 
catheter. For eran^jle, the greater fliB angle ofdeflection.ttiehirger the profile and the bigger 

10 the lumen &at can be treated. The ranges were diosen to aflow treatment of vessels langmg 
fiom less than 2 mm to greater flian 3 nnn within the linrits of mechanical design 
componeols. It dKwM be ^»praaated however, ftatflie angles of deflection win vaiy 
dependiiig on the size of the body hnnen bemg treated, the size of fl» catheter, and the 1^ 
The deflection of flw distal portion 26 of flie catheter urges the cntte: mto 

15 position such diat distal advancement ofttie entire ca&eter body can UMJW to n»^^ 
through fl»eocchisive material. Becanse the cutter is moved a distance Li beyond the ooter 
diameter of the distal portion of the catheter and outside of the cuttmg window, flie user does 
not have to hrv^ginate the tissue into the cuttiiig window. Ih ejienq>laiy oonfigurationB, the 
cutta- can typically be moved between apptoxnnatdy 0.08 mm and 0.64 mm, piefcrabfy 

20 between025mmand0.50mm,andmostprefcrablybetween0.28tD0.38mmbeyondfl>e 
outerdiameterofthc distal houamgtocontactthematerid within thebodyhnnen. KshooW 
be q»predated that the cutter excursion directly relates to the depth of cu^ TheHgherfhe 
cutter moves out ofthecutthigwfadowfliedeqwrflie cat The ranges are diosen around 

efEcacy without risk of pafbration of flie bo<^ lumoi. 
25 Pushing the entire catheter across the lesion removes the tissue fiom the body 

himea The severed tissue is ooflected as die severed piece is directed mto a collection 
diamber53inthetipviattiecutter28. Once (he catheter and cutter 28 have moved through 
to lesion, the cuiter 28 can be advanced distany to a •'part off position" in which the 
movedbackuito1becuttingwmdow32(Fignre3B). Tlie tissue is collected as to severed 
3 0 pieces of tissue are directed into a coUedion chamber 53 via to distal movement of cutter 28 
andcalheter. -nieconection chamber 53 ofto tip and distal portion 26 acts as a receptacle 
for to severed material to prevent to severed occhJsive material ftom entering to body 
hmiBa.andpossiblycansingdownslreamocclusionB. The cutter 28 can mteract with to 
distal edge of to cutting window to part off to tissue and torcafter pack to severed tissue 


IS 


wo 02/49S90 


PCT/CSOl/49220 


10 


into conectiwi chamba 53 (Figure 3B). In exeniplaiy embodiments, the driver motor can be 
programmed to stop tbe lotatiMi of the cottH at thepart off positioii so that cattermove to a 
third portion (FigiMe 5B) and can padc the material in the ooHection ch^ 

wifljout rotation. Typically, flie collectioo chamber 53 will be large enoug^i to allow multiple 
<mts to be coHectcd before the device has to be jemovedftom the body ImnejL. Whenthe 
ooUection chamber is foil, or at tfie user's discretioD, the device can be removed, eonptied and 
ranserted over liie gnidewire via a mooarail system, as will be described below. 

Figure 6 to 8 ilhistrate one exemplary mDnoraU deHverj^ system to assist ia 
positioning the cutter 28 at ibe target site. For example, tip 42 offeecaiflieter can include a 
hmien 54 having a distal opening 43 and a proximal optming 55 ftat is sized to 
conventiaaal goidewiie (typically 0.014" diameter) and as shown m Figure 8, the fladble 
pwrimal poiti» of the catheter body can inchde a short to^ 

inlet«ai). In some embodimaits, however, the gddewiie hmcn 56 maybe disposed within 
or outside the fledhle proximal portion of die cafhet^ 
15 lengfli.andmfectmj^rmidieeBtirelengflioftheflexibleportion24of1iieca&eter^^ m 

Bse, flie gmdewire can be disposed wiflim hmien 56 on die flexible portion of d^ 
bodyandeMt1l»himenatapointptonmaltothBrigidporti<m26oftiiecaflieU^^ The 

gnidwrirecanfhBnre^aprorimal<qpcning55inthet^ 

opening43in!hetiphimfin. By moving die gnidewire outside of die rigid portion 26 of die 
20 catbetabody.fliegmdewirewillbeprevmtedfiomtanglhigwiflidiecutte Typically, 
tq. hmien 54 wiU be disposed akng abottom surfece of die t?> and d» lumen 56 will be 
disposed akmgaside of die proximal portion 22 of the catheter body so tiiat die gui 

mil be in a heUcal configuration. 

Tlw caflieteo of die present invention can iochide radiopaqoe markers so as to 

25 jdi(w^fheusertotnckfliepositionofdiecathetcrnnderfluoioscopy. TIk rigid distal portion 
26 cm be radiopaque and radi(q»qpe markers can be disposed on dffi 
l^picany, the markers 59 wiB be disposed atong die top, proxhnaltoth^ 
on die bottom of die catheter to let die user know die position of die cutter and cutting 
windowidativetothetar»«site. if deslied, die top and bodDmrnadcers can be different 

30 ih^aoastoinftmndieuscrdierBhdiveorieotBtionofdiecaflietKintiiebodyhm^ 
Because die gitldBwite win fcrm a helix in its transition ftam hmett 56 to tip lu^ 
nwr wifl be able to view die top and bottom radiopaque maricers 59 widiout mterfcrence ^ 

diosnidewim. Someen*odimail»ofdiec8flietercanalBoinctadeaiadiiw»ec^ 
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61 (Figure 3B) tbat is criinped to driveshaft 36 im)xiinal 

cutter 80 as to let the Tisw.lmow when the cutter is in tiw open poa 

Figures 9Ato IIC show samo taaaxsplsry emibodiiiuints of the catte28 of ti» 
present invention. Thedistidpoitioa60ofttiflrotatabtoc»4ter28canindndeas«ntf^ 
5 edge62oraBmoofhknifeedge64anda«inredaxs<»opeddistal8mfece66. Apr^^ 
portion 68 of the cutter 28 can inchide 8 dumnel 70 ftat can he coupled to tt»e to 
that rotates the cutter. As shown in Figpn»10A40C, some embodimBnls of «w cutters can' 
indnde a bulge or bump 69 flxat is provided to interact witti a stent so as to tedi^ 

intoaction of the catting edge with the stent 
IQ Figures 12 to 16 ilhistrate an exenqjlaiycutta driver 34 of tiwiwesajt 

inventian. As shown in Figure 12 and 13, cotter driver 34 can act as the handle fer the user to 
manipnlatethecatheter820ofthepre8entinventionasweUa88powersoBrce. Typically.fte 
cutter drivers 34 of the present faiventian incliide a single ir?rat device such as 

controls the major operations of the catheter (eg., axial movement to canse mglng. rotation to 
15 cansecotlin&andaxialmovementfiorpacldng). AsdiownrnFigureslSandHcut^ 
driver 34 indudes apower source 72 (e.g.. batteries), amotor 74, Bmicrofiwitdi76 for 
activating motor 74» and a connection assembly (not shown) for connecting ttie drive shaft 3 6 
tothodriverniotor74. La some embodiments, Ae drive motor can folate drive Aaft 36 
between 1,000 rpm and 10,000 rpm or more, if desired. 
20 pignres 14 to 16 iltostrate one exea^JaiymtAod of operating cuttedriW 

Ihuse,theca&etervnUbeddiveredtoflietarget8itewilhcuttffdriverunatl^ 
cutter mflw neutral position (Figure 3B). Ihe cutter driver can be attadiedwWi the urge 
lever38 ta aneutiBl poffltion (Figure 14), which mdicates that ttie cutter is ctos^ 
packing positioD. The user can then move the catheta (and cotter driver wnl, if desiied) to 

25 poatian die distal portion 26 oflhe catheter a^acenttiie target tissue. As dM^ 

' 1 5, to activate the rotation of the cutter, tiie urge lever 3 8 can be moved proMmally fiom the 
• iwaird position to move the cutter proxinudly and out of cuttmgwmd^ 

aimnltaneously depressing niicroswitch 76 tD activate motor 74. AttiieeodofthecnttinB 
prooednte, as shown in Figure 16, the nser can push urge lever 38 completely forward to a 

30 di5talpositiantopnsh(hecutterintoapackhigpo8ition(Fignre5B). Atottem^ 

passes the middle of the travel, Ae nricroswitdi 76 can be released so as to deactivate the 
cutter before readring die pacldng position such that paddng can occur w^ 
rot^ Itdwnldbeappreciated.whUethefigiiresilhistratelhe 
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fliwnb Bwiteh as an ii^rat device, the present intVOTtiQii caa nse other of iiq?iit devices, 
such as labeled buttons (©.g., close window, Tdebnik tissue, and pack), or Ifae IiIk). 

Advantageously, cuttar drivw 34 provides an automatic on/off coBtrol of tiie 
cotter 28 that is keyed to the poidtioo of the cutter. SachaconfigaiationficesttieuserfiXHn 
5 the c<mq)licatedtadcofiOTeDibering Resequence of operations to acti^^ 
fbo lotatikm and axial movement of the cutter. 

Viiaio flw cutter driver 34 is illustrated as a disposable batteay powered unit, it 
should be qjpredated fliat in ofea embodimails, the cotter driver can use olhffpov^ 
sources to conboltiie cutter driver. It should further be appredatedftat other cutter drivers 
10 can be used with the present invention. While not prdTcired, it is possi^ 

oomtiols to control flie axial movement of the cutter and flie rotation of the cottar. 

Some exsiqilaiymBfliodsofthe present inveaitionwiU now be descnT)ed. One 
method of the present invention am^prises ddfivciing a ca&cter to a target 
kanau A distal portion of die catheter can be deflected rdative to a jwoximal portion of ti» 
15 catheter to eaqKwe a tissue debulking device in fte catheter. The body lumen can be dAulked 
with to oqxised d*ulldng device. Spedfipally, as shown schanatically in Figure 17, one 
specific method comprises advancing a caflieter to a target site (Step 100).- A cutta 
totaled and moved out of fee cutting window (Steps 102, 104). Preferably, a distal portian of 
the caflieter can be pivoted or deflected so as to position the cutter adjacent the target 
20 material Thereafter, to catheter and to rotating cutter can be moved ftrongh the body 
hnnen to remove to target material fiom to body hanen (Step 1 06). 

As shown in Figures 18 and 1 9, to catheter can be percutaneonsly advanced 
tooB^ a gdde catotcr or sheath and over a coovaitianal or imagiiig gnidewire 
conventional intervaitiQnal techniques. ihedearaDdngcatoter 20 can be advanced over to 
25 guidewirc and out ofto guide catheter to to diseased araa. As shown in Figure 18, to 
window 32 wiU typically be closed (wifli to cuttra or othffl ddjundmg dcv^ 
distal position). As shown m Figure 19, catheter 20 witt typically have at least one Wnge or 
pivot connectian to aUow pivoting dx)Ut one or more axes of lotatioa to enhance to ddiveiy 
of to catheter into to tortuous anatway ^fliout dislodgmg to gmde caflieter or other 
30 sheafli. The cotter can be positioned proximal ofto lesion. Optionally, a transducer, IVUS, 
or otor imaging assembly canbensed to verify to position ofto d^olking caflieter. 

Once to position of to catoter is confirmed, to cutter 28 win be rdracted 

proximally and inoved out of cutting window 32 to its second, exposed position. Insome 
enfijodnnents, inovemart of to cutter can deflect to distal portion of to catorter to increase 
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the profile ofthecaflicter at the taigst site. Mjwanatofflio cutter is typically caused by 
proximal movement of lever 38 and tensiomag of drive shaft 36. Movemoit of flie lever can 
be scaled to any desired ratio or adbect 1:1 ratio of movement brtweaitfie handle and cute, 
men the cutter is moved praximally it contocts nm?* or cam surfices 80 a^ 
cutter 1^ and at least paitialty out ofdwcutttagwmdcw 32. Additionally, as Aown by arrow 
80, the distal poitiim of calhBtffl:bo4y 26 rotates aboat fliejoint 49 to provide an mglng fi^ 
£jr die cutter (and caflieta bo4y) to move toward ftie diseased area. 

Theteafler, as shown by arrow 82 the operator can move flie entire catheter 
body 22 through the lesion to dissect the tissue. As the cutter 28 and caflieter body 22 are 
advanced distaUy flirou^ the ksioo, tissue fliat is trappedbetweon flie cnttu« rf^^ 
the cutdog window 32 is severed ftomthebodyhmien. To part offthetiBsne* the operator 
can stop pushmg the device distalbr and me cutter can be advanced distally inside 
window by advancing the handle 38. Daringthedi8talmovem«BtoffliecuttBt,«iecotter28 
rides back over the ramps 44 and direct cute back inside ofAe cutting window 32. Sndi 
15 iTOvemeat causes the distal portioa 26 ofthecaflieter to inove in line wifli the cute an^ 
ptoranalportioa 24 (Figure 5B). When the cute has moved to its distal position, flie cote 
parts off the severed tissue and urges the severed tissue inside of a collection chamber 
the distal t^ 42. Optionally, after the c«te 28 has parted off the tissue, the lever 38 and thus 
die ooQ-TOtating cutter 38 can be advanced distaBy 10 pack the tissue iirto the coDection 
20 chamber 53 (RgnreSB). Use of the cotetopadc the severed tissue wiUalkw the 

multiple specimens to be collected prior to removing the catiieter 20 fiom the body hi^ 
When it is detemiined that fliB coUection chamber is fiiD, fte cafl^ 
die body fannen and die coUection clamber can be enqrtied. 

In another mefliod of tiie present invention, as shown in Kgure 20, an iiprt 
25 deviceisdiqwsedmsfirstpositiontopoBitionatissueremovaldemirtinaneulialp^ 
(Step 120), Ihe input device is activated to rotate tiie tissue removal eUment and to aarially 
move tiie tissue removal device to an active positian (Stq>m). The mput device can then 
be activated again to move flietiBsneiemovd dement to a paddr»gpoMtion(Stq»l^^ Insn 
exen:?)lary embodiment, the ii?mt device is a lever or flimJ^^ 

correspond to tiie movement of a cutting element on die cattwter. Hms, as tiie lever is moved 
proxhnaUy. the cute is rotated and movedpioamally to an open position. 
moved to a distal position, the rotation oftiiBcntecattbestOH)ed and thecutecaiibe 
moved distaSy to pack severed tissue iiito a coUeetion dbamber. 


30 
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Refearnig aw to Pigore 21, &e present iiwentm 
incliidingcaflwtera200.inst^ Cathetere200wm 
gpnendtybeasdescribcd above, and tbeinstnioticmf^ 

mefliods described above. Package 2M may be any coomitionalmcdicd device pac^ 
5 inctadii.gpouche*tnQrs.baxe8.tubes,oithelike. 

be idiUBdona«i)arate piece of pq>er,biitiiuv also bei^ 

poctkm of Oe padbigiiig 204. 

While aU flw above is a complete description of the prefened embodiiiiBnts of 

flieinveotioiiB, varioiis atemativeB. iiKJdifications, ^ 
10 enii?>le.vvbiteprefenedcottOTareniovedpro 

^riodow. alternative embodiments may move flie cutter distally to move the cotter out of the 

cuttfaigvriDdow. Additionally, vriiile most embodiments eiiq)loy a cotter &at extends 
flie oater diameter of the cotting window, it m^ be posffl^ 

fhatsti^yswiftiiithediametercaflieterbody. Additionally, in some embodiments, the 
15 idrtMiigassemblymaybeoqKMedfliionfiihfliBW^ 

diBtalportloaoffl»ecatheter. Moieova, instead ofhaving a distal tip that is lotatable relative 

to1bepioximalp«rtionoftt»caaieter.fliecafl»etercanh^ 

tbattocathBtei&tmsaj<»gorapn>-bentdii5«whenitreache8it8targeta^ AWumghthe 
fbiegoingimreoticmhasbeendescmbedindetaa&rp^^ 
Ti«lbeobvi«i8ttiiil certain modificatioiB may be pnw^ 


cbdms. 
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WHAT IS CLAIMED IS: 

1 1. A cattieter wmiimaing: 

2 afleadMetwdyconqniaingapiOKimaleaidandad^ 

3 aiigidlwBamgiolatAlycoTiptedtofliedistdmdofthefl^ 

4 hff iinitig o <nn[ ii'ii > i » g a window; and 

5 a tissue deboDdngassanbfydiqwsed at least partiaUywiflj^ 

6 hoiBiii&whflidndcflectkmoftoi^ 

7 tissue ddiulking assembly ttnou^^ 'window. 

1 2. The ca&ctoofclaimlwlietdnflie tissue debulk^ 

2 canqnrises a rotatable cutter. 

1 3. iiMcaflieierofdaim2idwebtiielM«^^ 

2 diamd having a longtaidinal axis, fljecad^ 

3 wifliinfljecfaanridtwiieteintbe drive durfk is attaolw^ 

1 4. The cathrter of claims wherein tiie rigid houang deflects in a 

2 diiectiini opposite offhe window about an axis that is substantiaUyortbo^^ 

3 knigitudinalaasofflieflaribleboifysoastopositiQndiecuttaa^ 

1 5. The catheter of chum Iwhoeintiie rigid housing is coupled to die 

2 flexiblebodywifliajoinliwfaeretoniovemeotofthetissuedd>undnga8s^ 

3 deflection ofOeii^hmisiog about die johit 

1 6. llie catheter of claim 5 fHith«ctmq«ising a ranqiposi^ 

2 rigidhonsfag«qjpo$iteoffhewindow,^riifireinpr^^ 

3 assembly overdietampdeftecls the rifiidhousmg and exposes flie tissue de^^ 

4 outofdMwhidow. 

J 7^ TTiecatiieter of olannl^rtiBrein die tissue ddndkingaase^ 

2 movably between a first pdation and a secaadpo8itioo,i»idierem 

3 assembly in die first positian doses die window. 

1 8. The catfaeta of clam 7 wberdntiiB movable tissue dc^ulking 

2 assemblyinfliesecondpositicmispositionedbqrandanouterdiametBrofflw 
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1 9. Theca&cterofclaimSwhea^mtheti 

2 second praxmialpositiaiiin^ 

3 pogition tdatiyf? 1i> thp Itynpitirimiil axia of flip rigid hposiiig and oat of flie window beyond 

4 anooterdiametaafttkehoiiBtoig. 

1 10. The catiie^er of claim 8 whmin&e tissue dci>ul^^ 

2 seccmd positicm moves a longitadinal axis of the rigid houring to an ofifeet parallel positi« 

3 itlfltivp to the l<)tTg8t^ T^^"ft^ of the tiasne dd>ulkiny assembly. 

1 IL Hie cafliMer of claim 1 furltier canpismg aftexibte 

2 to fho rigid bousing^^eiem at least one of the distd tip 

3 ooUoction chamber. 

1 12* The caflieteTofclann 11 wherein the flcrible distal 

2 lK)dy comprise luniais for i^cdving a gm 

1 13. The catheter of dbiml^iAiensaLti^ 

2 cQxzqprise3aRFdectrode,alaser,oraniiltrasoimde^ 

1 14. A ca&eter for lemoving material ont of a body 

2 oomprisiTig: 

3 a body can^rising a pixxnmal portion and ^ 

4 pi rmmnl portion and distal pQrtian each 

5 a cutting window on the distal portion ofdiebodir, and 

6 a cutter movably disposed wifltm at least a portion of the dist^ 

7 bo^.wherem die cutter is movrf>lcftom a first poa 

8 iheaKi8ofthedistalpQrtionanddispoBedinthebody,toaBecond^ 

9 is at an angled or oflfeet position rctedve to Ibe axis of die dish^ 
10 eq[K)6edttaoiisb the window. 

1 15. The cathder of clann 14 whfiram die second posito^ 

2 fixstpositiosL 

1 16. The catbeterofclaim 14 wberem die cotter mdiosecozdpositim 

2 extends beyond an outer diameter of die distal p<nt!<m of die 
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1 17. The ca&^er of claim 14 whaeintto proximal po 

2 flc3a1>le and Ihe distal poition of ftebo^ is xdad^ 

1 18. TiecathcteofclaimMwheflceinAeci^ 

2 a cutter dziverwifli a drive shaft. 

1 19. The cfliteter of claim 18 wberem thecal 

2 uspot device fliat contiDls die rotation and axial movemait of tiie cotter. 

1 20, The catheter of daim 14 con^dsing a coUcction^^ 

2 the distal portion of the body* 

1 21. The cadii^ofclaim 20 comprising a first Imnencoqiled to ttie 

2 collection chambwandasecondhimencoiqiled to theb^ 

3 hm(ien are configured to receive a gmdewire. 

1 22. The caflieter of claim 20 wherein the cwtter is mov^ 

2 position, wherein the third position ia distal of the first and second poartion and urges severed 

3 material into the collection dbamber. 

1 23. The catheter of claim 14 conqdsmg a lamp disposed m 

2 portion of the body, wherein praxhnalmovemcnl of the cotter over the im^ guides fte cutter 

3 to the second position. 

1 24. A cafteter for removing material flximabo<fy lumen, die ca^ 

2 comprising: 

3 abodycomprismg apioximal portion, adistal portion, anim 

4 defini^ ft i^ip finfimJ mriA, snd a ride opening cutting wmdow disposed on the distal portion 

5 offhebody; 

6 acam; 

7 . adrrveshaftpositionedwiJluntonmachannel,^^ 

8 die drive shaft is attachable to a drive moton and 

9 a lotatabfc and axidly movable cutter coupled to a distal Old of fte drive 

10 diaft^rfbercm the lotatable cutter is mo^lec^ 

11 cdative to die proxmialportiim and eiqpose die colter fl^ 
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1 25. The caflwler of claim 24 whttrfn to distal pO!^ 

2 to die pnmniM portion via a pivot joi^ 

1 26, Tlio esthete ofclaim 25 wberein to joirt is p^ 

2 cutdiigirakbw. 

1 27. Iliecatoterofc]aim25wti0reintodistd 

2 rotated about to joint and is orged against to 

3 to cottBDig window. 

1 28. Thecatoterofclaim25furfh<ffcoirq)iisingafle^ 

2 attacbod to to distal portion. ^Aerein to prwdmal portion is flcadble and to distal portion is 
3. rigid. 

1 29. The cadi^ofclaini 28 \idietcm to rigid distal po^ 

2 betwe0iq[q;noximately 6rnmand8ninL 

1 30. ili8catoterofclaim24iivherantocti^ 

1 31. The catbcte of claim 24 wherein to cutter has a snMX)th<^^ 

1 32. AcslhctocciianiBii^ 

2 afleidblebodyamqirifiipgaprosda^ 

3 arigidhonangrotatahty coupled to to tfstal end of to flexible body, to 

4 housing con^rising a cuttmg window; and 

5 a *^rfi«iTi"«E ««™My movably disposed wilfain to rigid housing, whcran 

6 movemertoftod*idkniga8seoibIyfi«matotposit^ 

7 rigid housing relative to to flexible body. 

1 33. Thecatoteofclaim32fiJrtliercoiDp^^ 

2 housing, wheidn movement of to debuDdng assembly over to ramp moves to debuDdng 

3 assembly out of to cutting window bqyrad an outer diamrter of to rigid housing. 

1 34. The catheter ofdaim 32 wherdn to foBt position is distal to 

2 B€condposition,wh€reintodebn]kingassemblyintofi^ 

3 window. 
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1 35. tbo ca&eter of claim 32 wherein tho housmg and flexible body (^fine 

2 a channd, herein tedri>ulkiiigass^ 

3 ownpriWiigadriveA^ 
*4 rotating tfa6 cuttear. 

1 36. The caflirter of claim 35 whgdn the housing dafines a lo ng i t udinal 

2 axis, wfaeroinfhB cotter and drive diaftaze ID 

1 37. The catheter cfdaim 36 wherein flte cotter inv^ 

2 <»fhog0nal to fiie loogitudtDal aids wbrn the catter moves oot of ttie cotting window, 

1 38. The caflieteofclaim 37 wlKjdn the rigid housing con^^^ 

2 joint, whercinmovfa^g the cutta rotates the hooamg about the flexible joint 

1 39. Ametihod of lemovmg material ftom abo^ lomeD, diem^od 

2 compriahig: 

3 dcUvcring a caflioter comprising a tissue d*^^ 

4 tfaebo^^hnoeo; 

5 deflectmg a distal portion of the caSi^ leladve to a pioxhnal portion of Oe 
. 6 calhder to expose the lissuo debulTring device and 

7 debuDdng Che body tmnen. 

1 40. The mefliod of claim 39 whrawn debulktog comprises: 

2- _ r^ttrftng th*^. timmft ^ feimnrmg dervioe abont a first axis: and 

3 e]qx)ffliigihe tissue deholking device tin^^ 

1 41. Tham^liodofclaim40wheEemeqioajDgcc^^ 

2 debulking device against a cam sor&ce. 

1 * 42. The xneflwd of claim 40 whcaran the first axis w 

2 the callitftiaur. 

1 43. The method of daim 40 ftntiier comprising advanch^ 

2 die body lumen to move flifiiotHtmg tissue dcbullaugdevi 

3 lumen. 
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1 44. ThBmeaiodofdiflm39fiii:aierc(w^^ 

2 intoaoolkctiandiambQr. 

1 45, Themetix)dQfcl2im39wherKndefle^^ 

2 A f^^llp^ device against Ifac material in the body hmm. 

1 46. TheniediDdofclaimSPiTrib^^ 

2 guidewiietoamoiKM»adoliv«iy 

1 4X TheniediDdofdaim39ivfaercintibet^ 

1 48. Tbemel!hodofcl2i]m39wfaei^ 

2 flie tissue ddrandng device firan a fimpositioii to a second posft^ 

1 49. A method of HdwiHring a bo^ Imnen^ fce meftiod commang; 

2 moving a tiBsaodAuBring device fem 

3 posLtkm; 

4 dfiflerting a distal portion of Am calhderagw^ 

5 the exposed tissue dfilnilkiiig device m a desn^ 

6 passing tiiecati)^ and tissue debulking device tfa^ 

7 body lamen to dfibidkflie body tamEn. 

1 50. ThBmBliiodofclaim49^^*ercinanaxisoftJ^ 

2 ca&eterisoffietfiamanaxisofapmxmialpoflt^ 

1 51. ThemediodofdsDn49^crdndeflectiaD«diop8thedi^ 

2 tbe callietBr out of apa£h of flie debulkkig device. 

1 52, The mediod of claim 49 finite comprismgi^^ 

2 dcbnlldiig device. 

' J Tliem6tii0dofclaim49fbztiiercoinpriBingi^^ 

2 invagifiatingtiMcattiiig window. 

1 54 The meOiod of daim 49 fintha comprisEng collecting seveied material 

2 ma distal oollectiDn chamber. 
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1 55. The method of claim 54 forftfirc^ 

2 material into tfiecoUectioncliaiiiber. 

1 56. ThomeflK)dofclam 49 whaemfte catheter ddfiiM 

2 fflds, herein the tissue debuUdng device in the fcrtpositiflii is aligned wifli flic longitadinal 

3 axis, and the tissue debuadng device in the seco^ 

4 axis. 

1 57. AmeliK>dofdc*wIkingabodylimi^ 

2 providinflflcaftqtCTtM mr"'^ 

3 tissue debuUdng assembly; >°d 

4 deflecting a distal porti<mofttie catheter against the body 

5 tissue d^ulldngasswibtya^aoem a target tissue in the bod^ 

1 58. The method ofclaim 57 ^eacein deflecting con^tt^ 

2 tissue d^nlking ass^ly fixmi a first position to a second position. 

1 59. ihenirtiodofclaim57^rfieiOT 

2 distal t9 and a rigid distal honsingi 

1 60. The m^hod of daim 57 comprising rotatably coiqpling die proximal 

2 portion to die distal portion with a jomt 

1 61. Aldtconvrising: 

2 a caflieter aanprising a proximal portion lOtataMy coupled to a distal portion, 

3 i^toetottie distal portion iiictades a side^^ 

4 instnictious to use in removing occlusive material fi^ 

5 ccraiprising moving the tissue debuDdng device fi^ 

6 to expose flie tissue debuDdng device flmmgli the ^window and to rotate ttie distal pcMlion 

7 idative to the proximal poition, and advancmg the cafli^ 

8 contact die tissue removal device wifli the ocdosiven^ 

9 a package for holding the caflieter and iiistructifliis. 

1 62. Amethodofddbulldi«abodyhnnBn,thenielhodcoaq)^^ 

2 eq^singacMOiBroutof acottingvrindowof acafliet^^ 


27 


wo 02/49690 


PCTAJSOl/49220 


3 advandDgti)iecatti6tertomoyeihe<a^ 

4 body lumen. 

1 63. AmelliodofdcAnilkiiigab^ 

2 ]]iovingaiot8t]iigGiittercH2tofaa^ 

3 deflecting adistdpQcttcm of Oiecat^^ 

4 mataiB^oKid 

5 -adyaoGiDgfheciitterll^^ 


1 64. The mefliodofclaim 63 ^eidn the catheter (tefmc^ 

2 axis, wbraran ur^ng coniphsea dfiflccting Hio distal portion of flse caflwter off of the 

3 InngitiTriinal aads. 

1 65. Themefliodofolaim64ii«4ieicfaiziu^^ 

2 off of the longitudiiial axis. 

1 66. Theineaiodofdaim63^erdninovh«con^^ 

2 out of1heciittii« window. 

1 67. The mefliod.of clahn 63 herein advancing (xmqnisea nuyving fiie 

2 entire catheter distally through the body iumecu 

1 68. ThemediodafcIaim63fnrflLCf cmnpds^ 

2 Goltection chamber. 
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